The effect of meal composition and energy content on the thermic effect of food (TEF) was investigated in sixteen adult, non-obese female subjects. Each subject consumed four different test meals, each meal on a different day. Meals were of high-carbohydrate-low-fat (HCLF) with 0.70, 0.19 and 0.11 of the energy content from carbohydrate, fat and protein respectively, and low-carbohydrate-high-fat (LCHF) with 0.24, 0.65 and 0.11 of the energy content from carbohydrate, fat and protein respectively. The energy contents of the test meals for each composition were 2520 k J (600 kcal) and 5040 k J (1200 kcal). The basal metabolic rate (BMR) and the postprandial metabolic rate (PP-MR) were measured by open-circuit indirect calorimetry using the Douglas bag technique while the subjects were in the supine position. The mean BMR value was 3.63 (SE 0.07) kJ/min (087 kcal/min (SE 0.017)). The 5 h-TEF value for the 2520 k J (600 kcal) HCLF meal was 228 (SE 11.8) k J (54 kcal (SE 2%)) and for the LCHF meal was 228 (SE 9.6) k J (54 kcal (SE 2.3) ). The corresponding values for the 5040 k J (1200 kcal) meals were 356 (SE 20.4) k J (85 kcal (SE 4.9)) and 340 (SE 15%) k J (81 kcal (SE 3.8) ). There was no significant (P = 049) effect of meal composition on TEF, but the energy content of the meals had a significant (P < 0,001) effect on TEF. In all subjects and for all meals, PP-MR had not returned to premeal level 5 h after a meal, indicating that the TEF values measured underestimate total TEF. The present study suggests that TEF is significantly influenced by the energy content of a meal but not by meal composition.
The thermic effect of food (TEF) is defined as the increase in metabolic rate (MR) following ingestion of a meal. This increase in MR has been associated with the obligatory energy cost of digestion, absorption and storage of nutrients in the body. There is increasing evidence that TEF may have a regulatory component which is mediated through the sympathetic nervous system (Landsberg & Young, 1983) and some hormones such as insulin , thyroid (Ingbar & Braverman, 1986) , and catecholamine (Landsberg & Young, 1983) . Although TEF has been investigated extensively, its quantitative role in the overall energy balance of man is still unclear. Both the mechanisms that underly its production and the factors that influence its magnitude are poorly understood. Knowledge of the effect of such factors on TEF is important in understanding the role of T E F in the overall energy balance under different nutritional conditions.
Various factors including age (Morgan & York, 1983) , exercise (Segal & Gutin, 1983) , nutritional status (Brooke & Ashworth, 1972; Garrow, 1986) , energy content of a meal (Clough & Durnin, 1970; Belko et al. 1986; Belko & Barbieri, 1987) , and meal composition (Garrow & Hawes, 1972; Schwartz et al. 1985) have been shown to influence TEF.
Of these factors, meal composition and energy content are of particular interest because their relative effects on TEF reported from different studies differ widely. Although meal composition has been reported to influence TEF (Garrow & Hawes, 1972; Welle ef al. 1981 ; Dauncey & Bingham, 1983; Schwartz et al. 1985) , several studies have shown that TEF is not influenced by meal composition (Miller et al. 1967; Pittet et al. 1974; Rosenberg & Durnin, 1978; Hurni et al. 1982; Belko et al. 1986 ). While several investigators have shown that TEF is directly related to the energy content of a meal (Hill et al. 1984; Karst et al. 1984; Belko et al. 1986) , others have failed to establish any relationship between TEF and energy content of a meal (Glickman et al. 1948; Bradfield & Jourdan, 1973) . The reasons for these different results are not clear. However, methodological differences as well as the type and form of meals used may partly account for the different results among laboratories.
Protein has been regarded as the most thermogenic nutrient; therefore, its proportion in the diet has been shown by some workers to have a significant effect on TEF (Dauncey & Bingham, 1983 ; Zed & James, 1986) . However, other workers have observed no significant difference in TEF between meals containing different proportions of protein (Bradfield & Jourdan, 1973; Belko et al. 1986 ). Moreover, it has been demonstrated that the increase in energy expenditure associated with food does not appear to result from an increase in protein synthesis (Garlick, 1986) or urea formation (Garrow & Hawes, 1972) .
In the present study, we examined the effect on TEF of two factors, namely: (1) meal composition: high-carbohydrate-low-fat (HCLF) and low-carbohydrateehigh-fat (LCHF), and (2) energy content of the ingested meal: 2520 kJ (600 kcal) and 5040 kJ (1200 kcal). The two compositions of the test meals were chosen to represent the two extreme diets eaten in different societies.
M E T H O D S

Subjects
Sixteen healthy, adult, non-obese female subjects participated in the study. None was taking any medication during the period of the study. Their physical characteristics are presented in Table 1 . There were no significant differences among subjects in terms of age, weight, height, body fat and fat-free mass (FFM).
Subjects were instructed to abstain from food and drinks (especially caffeine-containing beverages as well as alcohol) by 20.00 hours on the night preceding each test day and not to eat anything the following morning, and also to keep a record of food eaten and activities carried out on the day preceding each test day. All subjects were familiar with the protocol by the time of the experiment.
Test meals
Four different test meals (A, B, C, D) were used. Meals A and C were of HCLF containing 2520 kJ (600 kcal) and 5040 kJ (1200 kcal) respectively, with 0.70, 0.19 and 0.1 1 of the energy from carbohydrate, fat and protein. Meals B and D were of LCHF containing 2520 kJ (600 kcal) and 5040 kJ (1200 kcal) respectively, with 0.24, 0.65 and 0.1 1 of the energy content from carbohydrate, fat and protein. Meals were composed of ordinary food items, namely : cornflakes, brown bread, cheese, butter, marmalade, jam, orange juice and double cream, and were administered in the form in which they are normally eaten. The energy content and nutrient composition were computed using the food composition tables of McCance and Widdowson (Paul & Southgate, 1978) .
Determination of basal M R (BMR)
We have described the initial measurement as being that of BMR. What exactly constitutes the conditions under which BMR is measured seems to have become in the recent past the source of confusion, and the impression seems to have arisen that BMR implies that the subject has been admitted to a hospital or to a metabolic unit or chamber the night before and BMR is measured before getting out of bed in the morning. Whatever the rationale of this view (and for many people this procedure might easily constitute a disturbing experience) this is not how almost all the fundamental work on BMR was carried out (Benedict, 1915; du Bois, 1927; Boothby et al. 1936 ). An extract from the book by E. F. du Bois (1927) on Basal Metabolism in Health and Disease describes the requirements : 'He must be instructed to take no food in the evening after 8 o'clock and nothing in the morning except a cup of caffeine-free coffee without milk or sugar. He must be brought to the laboratory without fatigue, he must lie quietly for at least one half hour before the test. The atmosphere of the room should be quiet and confident. ' These are precisely the conditions under which BMR was measured in our study. On the day of the experiment, subjects reported to the laboratory at 08.00 hours after an overnight fast. The subject was weighed and then rested lying in bed in the supine position for 30 min in a room maintained at 18". After 30 min rest the subject was fitted with a nose clip and mouth piece, and breathed through a Rudolph low resistance valve (no. 1400) for 3 min. After the subject had become accustomed to breathing through the apparatus two 10 min samples of expired air were collected in Douglas bags. Expired air was analysed for oxygen and carbon dioxide content using a paramagnetic 0, analyser (type 570A SYBRON ; Servomex Ltd, Crowborough, Sussex), and an infrared CO, analyser (type 801-A; PK Morgan Ltd, Chatham, Kent). The gas analysers were calibrated on each test day before and 3 h after the start of the experiment. First, they were set at zero using a guaranteed 0,-free nitrogen (British Oxygen Co. Ltd, Great Westhouse, Brentford, Middlesex), and calibrated using guaranteed standard gas mixtures of C0,-0, (4. 05: 16.30, v/v) and C0,-0, (6.06: 15-62, v/v) . The span of the 0, analyser was calibrated using atmospheric air. The volume of expired air was measured by a Parkinson-Cowan respirometer (calibrated at 50-1 50 litres/min) and corrected for moisture at standard temperature and pressure, dry.
MR (kJ/min) was calculated (Weir, 1949) for each bag, and if the difference between the two bags was not less than 3 YO, a third sample of expired air was collected, analysed and MR calculated. The average MR calculated from these measurements was taken as representing the BMR of the subject. BMR was determined on each test day before the ingestion of a test meal. 
Determination of post-prandial M R (PP-MR)
After the BMR determinations were completed, the subject consumed one of the test meals, which had to be consumed within 10 min if it contained 2520 kJ (600 kcal) or within 20 min if the meal contained 5040 kJ (1200 kcal). Each subject consumed four different test meals on separate occasions. The order of presentation of the meals was randomized separately for each subject.
PP-MR measurements were started 10 rnin after complete ingestion of the test meal. Samples of expired air were collected intermittently for a period of 300 min. The first three measurements were taken at 10 min intervals, and the next five measurements at 20 min intervals.
Expired air was collected, analysed and MR calculated as described previously. The average values obtained from the two bags were taken as representing the PP-MR at each time a measurement was made. For each subject, the increase in MR above BMR (PP-MR -(BMR)) v. time was plotted. TEF was calculated as the area under the increase in MR v. time curve using the trapezoidal method.
To avoid discomfort from prolonged use of the mouthpiece and nose clip, these were removed between measurements (rest period). However, they were again fitted to the subject during the last 3 min of the rest period to ensure that the subject was supine, quiet, relaxed and breathing comfortably through the valve before gas collection. Subjects were allowed to read, listen to music or watch television between measurements, but were requested to remain supine most of the time, and to remain absolutely immobile during the actual measurement.
Statistical analysis
The results were assessed by 2 x 2 factorial analysis of variance (ANOVA). The premeal BMR values and the overall PP-MR values were compared by Student's paired t test.
R E S U L T S
TEF
The mean BMR and the 5 h TEF values of the four test meals are presented in Table 2 As expected, all subjects showed a significant increase in MR after all test meals (Fig. 1) . The overall mean increases in MR after 2520 kJ (600 kcal) meals were 0.79 kJ/min (0.19 kcal/min) (95% confidence interval (CI) 0.71, 0.85) for the HCLF meal and 0.79 kJ/min (0.19 kcal/min) (95 YO CI 0.71, 0.86) for the LCHF meal. The corresponding values for the 5040 kJ (1200 kcal) meals were 1.26 kJ/min (0.30 kcal/min) (95% CI 1.17, 1.34) and 1.21 kJ/min (0.29 kcal/min) (95% CI 1.17, 1.31). This corresponded to an increase of 21 and 33% above the BMR for the 2520 kJ (600 kcal) and 5040 kJ (1200 kcal) meals respectively.
The 5 h-TEF mean values were 228 (SE 11.8) kJ (54 kcal (SE 2.8)) and 228 (SE 9.6) kJ (54 kcal (SE 2.3)) for the 2520 kJ (600 kcal) HCLF and LCHF meals respectively. Those for the 5040 kJ (1200 kcal) meals were 356 (SE 20.4) kJ (85 kcal (SE 4.9)) and 340 (SE 15.8) kJ (81 kcal (SE 3.8)) for the HCLF and LCHF meals respectively.
There was no significant effect of the meal composition on TEF (F 0.49, P 0.49).
However, the energy content of the test meals had a significant effect on TEF ( F 115. than those for the low-energy content. Meal composition and energy content did not show significant interaction in influencing TEF ( F 0.45, P = 0.50).
The 5 h-TEF values expressed as percentage of energy content of the ingested meals were 9 YO for the 2520 kJ (600 kcal) and 7 YO for the 5040 kJ (1200 kcal) meals. Since total TEF was not measured, TEF obtained here underestimate to some degree (especially after the 5040 kJ meals) the total percentage of the energy content of the meal actually expended for TEF.
Subjects variability
There was significant inter-subject variability in TEF values (F 5.16, P < 0.001, coefficient of variation (CV) 18-6-24.6 YO).
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D I S C U S S I O N
Eflect of meal composition on TEF
The present study did not establish any relationship between meal composition and TEF. There were no significant differences in the 5 h-TEF values between HCLF and LCHF meals. Our results agree with those of other studies (Pittet et al. 1974; Rosenberg & Durnin, 1978; Belko et al. 1986 ). However, other workers have reported significant differences in TEF values between meals of different composition (Dauncey & Bingham, 1983 ; Schwartz et al. 1985; Zed & James, 1986) . The reasons for the differences are not clear. It is probable that methodological differences as well as the form and type of meals used may partly account for such differences.
In most studies, either 100% pure single nutrients (Pittet et al. 1974) , pure mixed nutrients (Pittet et al. 1974) , single nutrient meals (Garrow & Hawes, 1972; Welle et al. 1981) or mixed meals (Swindells, 1972; Rosenberg & Durnin, 1978; Dauncey & Bingham, 1983; Schwartz et al. 1985; Belko et al. 1986 ) were used to examine TEF in man. Of these, only a few used solid meals (Swindells, 1972; Rosenberg & Durnin, 1978; Dauncey & Bingham, 1983) . In the present study, meals were presented in the form in which they are normally eaten.
The effict of meal composition on TEF has been examined at only one level of energy intake . In the present study, we examined the effect of meal composition at two levels of energy intake (2520 kJ (600 kcal) and 5040 kJ (1200 kcal)). At both levels, meal composition did not have any significant effect on TEF. This is surprising, as we had expected that at high levels of energy intake the HCLF meal would stimulate more thermogenesis than the LCHF meal since more energy is required for the storage of carbohydrate than fat (Flatt, 1978; Garrow, 1978; Acheson et al. 1984) .
EfSect of energy content on TEF
In the present study, meals of high energy content (5040 kJ (1200 kcal)) had TEF values significantly greater than those of low energy content (2520 kJ (600 kcal)). Our results are in accord with those reported from other studies (Hill et al. 1984; Karst et a/. 1984; Belko et al. 1986 ). However, other workers have observed no significant differences in TEF values between meals of different energy content (Swindells, 1972; Bradfield & Jourdan, 1973 ; Bray e f al. 1974) . The results obtained here suggest that the magnitude of TEF is directly related to the energy content of the ingested meal.
When the 5 h-TEF values were expressed as a percentage of the energy content of the ingested meals, they were found to be lower (9 and 7 % respectively) than the estimated 10% . Since total TEF was not measured, the values obtained here underestimate the actual amount of energy expended for TEF and the values could be greater than the estimated 10%. However, the values are consistent with those reported by other workers. Miller rt 01. (1967) reported TEF values which were 7-10% of the energy content of 1550-1 3440 kJ meals. Similarly Belko & Barbieri (1 987) observed that the TEF values were 5-7% of the energy content of 6000-8300 kJ.
The 5 h-TEF values obtained in the present study were 21 and 33 YO above the BMR for the 2520 kJ (600 kcal) and 5040 kJ (1 200 kcal) meals respectively. These results are similar to those reported by other workers using meals of the same energy content (Miller et ul. 1967; Swindells, 1972; Rosenberg & Durnin, 1978; Dalloso & James, 1982) , and taken together they seem to suggest that TEF measured under resting conditions may attain a magnitude equivalent to one quarter of the BMR (0.25 x BMR). This cannot be considered insignificant as has been suggested (Swindells, 1972; Garrow, 1978; Davidson et a/. 1979) . The results of Schwartz ez a/. (1985) are in accord with our findings.
T H E R M I C E F F E C T O F F O O D I N M A N
Subjects variability
There was marked inter-subject variability in the 5 h-TEF values (CV 19-25 YO). This was surprising because there were no significant differences among subjects in terms of weight, FFM and fat content. The reasons for the variations are unclear. However, it may be speculated that this variation could be due to inherent differences with regard to efficiency in digestion, absorption and disposition of nutrients in the body.
Duration of TEF
It is evident that the TEF measured under resting conditions in the present study constituted a significant increase in MR. However, it is possible that the overall quantitative importance of TEF could have been underestimated, especially that of the 5040 kJ (1 200 kcal) meals, because none of the subjects studied had her MR value returned to baseline 5 h after the meal. Other studies have also made similar observations Belko & Barbieri, 1987) . One overfeeding study (Schutz et al. 1985) showed that TEF was prolonged, and that it lasted not only for the whole day but also throughout the night until the following morning, when the effect was still apparent.
From these results, and considering the average feeding pattern (three meals/d), there is strong indication that the TEF of one meal merges into the TEF of the next meal.
The reasons for this prolonged effect are unknown. However, it is pertinent to assume that the presence of food in the body stimulates various biosynthetic and oxidation processes. Although these processes take place all the time, their rate increases (selfaccelerating) immediately after a meal because of the high influx of nutrients to the cells. These processes will proceed at a diminishing rate until all the nutrients have been processed and stored. According to Flatt (1978) , even after the nutrients have been stored there is a certain probability of being reutilized in the biosynthetic processes. Nutrient intake, therefore, depending on the amount to be processed, will increase energy expenditure far beyond the postprandial phase. If this theory is true, then it will help to explain the prolonged response observed here (especially with the high-energy meals) and in other studies as well.
